Lambl's excrescences (valvular strands) have been associated with an increased embolic risk. In previous studies, valvular strands have mostly been detected by transoesophageal echo (TEE). The current high-resolution echo systems allow better detection of valvular strands often even by transthoracic echocardiography (TTE). We attempted to determine the incidence of valvular strands during routine echo exams, TTE and/or TEE, and their relation to the cardiovascular risk factor, co-morbidities, and outcome.
Introduction
Lambl's excrescences, thin filiform mobile processes, referred often as valvular strands, were first described by Vilem Dusan Lambl in 1856 on the aortic valve. 1 Valvular strands have been described as a single strand, in clusters, or raw, their diameter ,1 mm, and length 1 -10 mm. The pathogenesis is believed to be related to endocardial lesions in areas of high stress (valvular closure lines). They are composed of a central core of elastic connective tissue and a layer of endothelial cells. They lack blood vessels, which explain the lack of granulation tissue at their base. 2 The differential diagnosis includes fibroelastoma, thrombi, and vegetations. 3, 4 Fibroelastomas usually occur away from the valvular lines of closure, are larger, and more gelatinous than strands. 4 Vegetations are usually associated with clinical signs of infective endocarditis and valvular dysfunction. The Libman Sacks and thrombotic vegetations are usually rounded or sessile, located on any part of the leaflets, and lack independent mobility. 4 Being most common on cardiac valves, strands may rarely be seen on the interatrial septum 2,5 and on papillary muscles and chordae. 2, 6 Valvular strands, previously described only on transoesophageal echo (TEE), have been associated with ischaemic stroke and transient ischaemic attack, especially in younger patients, have been seen on both mitral and aortic valves, occurring equally in men and in women, and have not been associated with thickened valves. 7 In a retrospective analysis, 8 valvular strands on native and prosthetic valves were found in 5.5% of patients referred to TEE. Of 41 TEE studies with valvular strands vs. 41 controls, strands were associated with systemic embolism and were more common on the mitral than on the aortic valve. In that study, valvular strands were found on mechanical valves in a minority of the patients: 3 of 86 (3%). 8 With the development of the current high-resolution echo systems, valvular strands can often be detected on transthoracic echocardiography (TTEs). In the current study, we evaluated retrospectively the prevalence of strands detected on TTE and/or TEE, and their relation to the clinical setting, cardiovascular risk factors, and co-morbidities.
Methods
Over 21 000 echo exams, performed during 2008-12 at the echo lab at Assaf Harofeh Medical Center, were searched for the reporting of strands. One hundred and fifty exams with definite valvular strands were selected. Valvular strands were defined as filiform mobile processes ( Figure 1) . Valvular strands were measured and investigated in relation to the involved valve, valvular dysfunction, and valve's appearance. Indications for the echo examination, demographic data, relevant risk factors (hypercholesterolemia, diabetes mellitus, hypertension, coronary artery disease, peripheral vascular disease, stroke, transient cerebral ischaemic events, and other embolic events) were taken into account when available. Significant co-morbidities such as advanced renal failure, malignancy, and mortality data according to the Ministry of Internal Affairs were determined. A control group of 150 patients who underwent echo exam during the same period and had no valvular strands was created. These patients were age-and gender-matched to the 150 patients with valvular strands. Their clinical data with all the relevant risk factors and outcome data were compared with the group with strands. Echo exams were performed on General Electric echo systems-Vivid 7, Vivid 9, Vivid I, and Vivid 3 with a standard transducer 1.7-4 MHz. All examinations were interpreted by experienced readers. TEE exams were performed on the same systems.
Results
Of the 150 patients with strands, 92 were men and 58 were women (P , 0.00001), Table 1 . In the vast majority of patients, echo exam was performed during hospitalization (114 vs. 36, P , 0.00001). Mean age was 61 + 17 years. Incidence of strands according to the patients' age normalized for the number of echo exams in the same age groups during the study period reached peak at age group 61-70 (0.94%) ( Figure 2 ). All 150 patients underwent detailed transthoracic echocardiographic examination. Eighty-five patients of them underwent TEE as well.
In 60 patients, valvular strands could be detected only on TEE, and in two patients, transthoracic echo was more diagnostic. The most frequent indications for echocardiographic exam were searched for an embolic source-34 and endocarditis-40. Other indications for echo exam included the evaluation of chest pain, coronary ischaemic events, and before cardioversion. The vast majority of valvular strands occurred on native valves (95%). In seven exams, strands were found on prosthetic valves-six on aortic and one on mitral. The mean size of strands was 6 + 2.4 mm, and in 37 patients several strands (.1) were found. The aortic valve was involved more often than the mitral, 126 vs. 36, P ¼ 0.00001, Table 1 . Aortic strands were prevalent on the ventricular side of the valve (101 vs. 33, P , 0.00001). Strands on the mitral valve were more frequent on the atrial than on the ventricular aspect (34 vs. 2, P , 0.00001). Strands were more often found on thickened or calcified aortic valves than on normal valves (102 vs. 23, P , 0.00001) and were more often accompanied with some degree of aortic regurgitation or stenosis (80 vs. 45, P , 0.00001).
Strands on the mitral valve also occurred more often on abnormal valves: thickened or calcified, or in association with mitral valve prolapse, or prosthetic valves (24 vs. 12, P , 0.005), and were accompanied by some degree of mitral regurgitation (33 vs. 3, P , 0.005). In one patient, a strand was found on the pulmonic valve ( Figure 3) . There was no significant difference in mortality between patients with valvular strands and the control group ( Table 2) . Hypertension, diabetes, renal failure, and coronary artery disease were not significantly different between both groups. Embolic events included: stroke, transient ischaemic attack, eye, and spleen emboli. They occurred in 40 of 150 patients with strands (≈27%). Atrial fibrillation was found during echo examination or per history in 22.7% of patients with strands vs. 15.3% in controls [P ¼ 0.1, non significant (NS)].Thirty-one patients underwent a follow-up echo during the study period for unrelated indications-valvular strands were found in 27 of them without apparently significant changes when compared with the first study ( Figure 4 ). 
Discussion
In this study, we evaluated the prevalence of valvular strands (Lambl's excrescences), as found incidentally during routine echo examinations in a busy echo lab. The incidence of valvular strands during echo exams was maximal at the seventh decade, 0.94%. After the age of 70, valvular strands were less often visualized, possibly due to more significant calcification on the valves. First described on a native aortic valve, 1 strands can be found on all native cardiac valves, and are more common on the left side: mitral (68 -76%), aortic (38 -50%), and right-sided (,10%), and have been found in both men and women. Their association with an increased risk of embolism has been somewhat controversial. 8, 9 In some of the previous studies, strands were more prevalent on the mitral than on the aortic valve. 8 -10 In our study, strands were more often found in men than in women. In addition, they were found more often on the aortic than on the mitral valve, a finding which may be explained by a higher stress in the aortic region. Most of these valves appeared abnormalthickened or calcified, a finding which is in discordance with previous data. 7 We found strands on prosthetic valves in 7 of 150 patients (4.6%), 6 on an aortic valve (one of them biological), and 1 on a mechanical mitral valve. This is slightly higher than in a previous work published in 1995 8 -3% of 86 patients. The composition of prosthetic valvular strands is controversial: fibrinous vs. collagenous. 11 Prosthetic valvular strands may be related to inadequate anticoagulation, 12, 13 and may develop after thrombolytic therapy for a stuck prosthetic mitral valve. 14 This may serve as supportive evidence for their fibrinous component. On the other hand, collagenous strands free of fibrin were identified in a neurologically asymptomatic patient with recurrent aortic valve replacement. 15 Hypocellular collagenous strand typical of Lambl's excrescences and negative for fibrin was found in a young patient with a prosthetic aortic valve and recurrent stroke. 16 Definition of the pathological nature of valvular strands in our patients is beyond the scope of the current study. Our goal was to determine the prevalence of valvular strands on native and prosthetic valves with modern echocardiographic systems during routine echocardiography studies. Relation of valvular strands (Lambl's excrescences) to cerebral 7,9,10,17,18 and systemic embolism 8 has been observed earlier.
In our study, cerebral ischaemia was frequent in patients with valvular strands (≈27%) and appeared not to have affected the mortality outcome. Although our control group represented well the general population of patients referred to the echo lab in our hospital, comparing the prevalence of stroke/embolism between this group and the group of patients with strands may not be appropriate due to a possible selection bias.
With the development of echocardiographic imaging, detection of valvular strands with transthoracic echocardiography is now possible and is more common, but the gold standard for the detection of valvular strands is TEE examination. Being detected once, strands can be followed by transthoracic echo, and based on the current study, they often remain unchanged, which is in concordance with a previous transoesophageal-based study. 9 The current study supports previously observed association between valvular strands and embolic events. These results may indicate that antiplatelet and perhaps anticoagulation therapy in patients with valvular strands should likely be recommended.
Limitations
Our study is retrospective, based on hospital records. Detection of strands had not been the main scope of these echo examinations and under-diagnosis of such findings is likely. Therefore, the current study may indicate the prevalence of valvular strands (Lambl's excrescences), found in a busy echocardiography laboratory during routine studies, but not the true number of patients with valvular strands, which is possibly higher. Although outcome data, based on the reports of the Ministry of Internal Affairs, are accurate in some ambulatory patients, detailed clinical characteristics may not have been complete.
Conclusions
(i) Valvular strands (Lambl's excrescences) can often be detected by routine transthoracic echocardiographic examinations, while transoesophageal echocardiography is the gold standard for their detection. (ii) Valvular strands do not appear to affect mortality, may occur most commonly during the seventh decade, and were found more often in males. Valvular strands occupy usually the ventricular portion of the aortic valve and the atrial portion of the mitral valve, and are more often found on the aortic than on the mitral valve. They often occur on morphologically abnormal, thickened, or calcified valves. (iii) Our study confirms previous observations that strands appear to be associated with cerebrovascular\embolic events.
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